Laser eye protection (LEP) is a requirement anywhere lasers are used. Unfortunately, too often it is not worn because it degrades the wearer's vision-particularly in low-light situations. This is because technologies used to block the laser also obstruct the wavelengths needed to see. Therefore, the real problem with developing and fabricating LEP is not blocking the laser, but seeing through the protective equipment once the laser shield is in place. For 30 years, scientists and engineers have worked on improving technologies to accomplish this. As an alternative approach, we consider the possibility of making retinas more resistant to laser injury.
There have been reports that the illumination of mouse retinas with red light induces resistance to cell death following exposure to methanol or white light. 1, 2 An induced resistance to a subsequent challenge is called an adaptive response. Because this adaptive response is induced by red light, we refer to it as photobiomodulation. Previous attempts in our laboratory to induce an adaptive response to a laser challenge by exposure to heat were unsuccessful. But, following on from this published research, we examined the effects of red light exposure.
Our work is all performed in vitro, using a line of immortalized human retinal pigmented epithelium cells (RPE). 3 The experimental system is a tissue culture model for laser eye injury. 4 Initial research was aimed at determining if an adaptive response occurred and, if it did, finding the precise combination of the length of exposure and the time after exposure that produced the maximum photobiomodulation effect. This is because the classical response is transient and biphasic: it occurs only within a range of doses, and does not continue increasing outside that range. 5 We considered features associated with apoptosis and growth stimulation 6 to determine that the optimum conditions were 24 hours after an exposure of 2.88J/cm 2 to 671nm light, using irradiances between 0.40 and 1.6mW/cm 2 . 7 To measure the resistance to cellular death following exposure to a pulse of laser radiation, we noted the formation of a 'lesion' in the spot where the laser strikes the cell monolayer. In our study, a lesion is defined as a spot of red fluorescing dead cells surrounded by a field of green fluorescing live cells (see Figure 1 ). If we noticed this specific change, we scored the event 'yes,' and if not, 'no'Ḟrom Probit analysis 8 we derived the laser pulse energy (J/cm 2 / effective at producing a lesion 50% of the time (ED50). We could then plot the ED50 as a function of the laser exposure to create dose-response plots for the biomodulation effect.
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We conducted adaptive response experiments with two strains of RPE cells. One is the basic line obtained from American Type Culture Collection, which we call wild type cells (WT). The other is a mutant strain we created by transfecting WT cells with a silencing ribonucleic acid gene, to create vascular endothelial growth factor-c knockdown cells-VEGF-C(KD)-that constitutively express VEGF-C protein at 10% of the WT level. We selected these cells following previous work on how VEGF-C plays an important role in blood vessel growth for tissue healing.
We exposed the cells first to 671nm light from an LED array, then, 24 hours later, to a 1s pulse from a 2 m laser. The WT cells exposed to red light exhibited an adaptive response (see Figure 2 ), but the VEGF-C(KD) cells did not (see Figure 3 ). In the WT cells, the response was biphasic around 2.88J/cm 2 . The maximum response in the WT cells was an increase from 25J/cm 2 in controls to 32J/cm 2 in the red light-exposed cells (p Ä 0:05). There also appears to be an irradiance dependence, with 0.80mW/cm 2 being less effective than either 0.40 or 1.60mW/cm 2 (p Ä 0:05). The VEGF-C(KD) cells do not show any difference in ED50 between red light-exposed and unexposed cells. Interestingly, there is no difference in ED50 between the WT and VEGF-C(KD) controls; the difference only manifests following exposure to red light. The aim of our future research will be to understand why the WT cells respond to photobiomodulation and the VEGF-C(KD) cells do not. We will conduct classical genetic analysis, starting with expression of apoptosis genes in WT and VEGF-C(KD), to see if we can identify key genes or pathways in this response. Then we will determine if the adaptive response can be increased (to make the ED50 > 7J/cm 2 / and/or prolonged (to possibly extend the duration of the maximum response around the 24-hour post-exposure peak). Finally, if modulating the apoptosis pathway turns out to be the key, we would need to consider the potential for negative side effects when manipulating this pathway, since its proper function is essential to homeostasis in all normal tissues in the body.
